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FIGURE 4 
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2326896 



55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS ORTBE LOCE 

The tnveittioQ idates to the fidd of petroleum service tod wpply indutfiiei^ and more 

Whife dcilliqg b tikii« pboe^ the 

dut needs to be eiSugted 10 that the ^diaub 

from the fcnnatioaa wMe rimiiltaiieomfy avohBug damagjng die uadciBreond fennadoas by 
firuturing tficm. When the drilled depdi exceeds a oeitam 

tte dtflCmioe in depth is suchttat it is no loqger posabte to finadate a mud capable of 
pecfi>ram^ its functicm over the entire lei^ of die wel^ 

is neoesssiy to fine the bole with meu] oni^ For this purpose, a certain number (tf ctstng 
tubes are placed end to end and lowered down tte 1^ and are fixed to the wal^ 
cemcnai\g. Thereafter, driffiog can continue down to the next critical depth. 

Each newly-drilled length naist be lined with casing of outttde diafi^^ 
pass through the casii« diet is aheady in place at diaOo^ 

staircase stnicture widi a hote that is large at die top of the wdl and much narrower at the 
bottom of the weL Sudi a configuratioa b fitf fiom optimal: a large hok at the sur&ce ffl^^ 
that drifling time nnist be wasted in a non-productive zone^ wliereas a narrow hole in the 
usefid zones does not fiwor producdott liy good drunh^ of die fi}^^ 

Worse stiO. h often happcm that the hote passes dvough unexpected cti^ 

boriqg has reached a critical deptitL Such critical zones m^, for example, be veins of very 

fiisbte rock or >KjQCt^ of gu wittch, even dMi^ du^ 

m^ sources of danger bodi for the wcD and ftr the work force on the sur&ce. Unda such 
eircumstanoeSh the onljy sobdon is often to cement these zones by putdi^ casiqg nto pboe 
immeifiateiy. thmhy findier reducing the size of the hole. wUcfa can lead to a weQ being 
abandoned if fitrther AflScult zones are encountered u drilfit^ oondnucs. 
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It also be understood Uut h b very difficah to 
casng, whhoirt fimhcr sigzufic^ 

piwaitiDg pcaetntion of oertiin tools or items tt tq/afmat thtl may be needed in die 
production zones^ ftr caounple. 

Over the last few yean, the iwiustry ho dcvdoi^ 

oocnpleiii« tbem tempoiirily. so as to mimmize tbe ounber of • sie|»- and to mctease the 
downhdedianxtaofthev/eiL 

Proposab bavc thus been made to use a coropoale material comprinog an expand^ doth 

m ^t of gjass fibers impregnated with non-polymerized cpoxy resn and having a n**er 

inembrane covering its outride 6ce which is ifi^^ 

aj^)ropriate laying tool, the rocotone is apj^ 

portion of easily, and the rerin is caused to polymerize by bcii« 

that techmque is that it requires electrical power of the older rf 1000 watts per Hnear meter, 

thtt Bniting itt appGcation to tfeating xones that arc rdsti^ 

of lynAetic material cannot oonititute a final repl^^ 

be capable. In particular, erf withstanding treatments based on ftiong 

that are paiticulariyconostve. 

US Patent 5 34» 095 proposes making casing out of a continuous tid>e of ducOe material 
av»ble of witbitanding large amounta of plastic defonnation. Ibe tube U edaiged by a 
coincal tool and it can optionally be cemented. However, eepanrion of ttie tube is 
eooosivaitied by a leduction m the total teoglh of fhe to^ 
pfcAtana at flm ends. Ftobemoie^ the piesaure r«^ 

US Patett 5 366 OU proposes a perfbiated liner provided w» 

A maodiel havfa« a laige dkmeier that b greater dm tbe inride &me« 

liner b used to expand the wall of the finer and the orifices become larger. Fibcr-nanfofced 

ccmert can then be cast on eitiier side of ti» finer, and once the cemert basset^ 

the liner b bored ^pin, Iheielv leaving a casii« of ii^^ 

reinibroemcnt The need for fcithcr boring after cementing constitutes a m^ drawback of 
that techwiue. in addition, m the above^nentioned case, the pi^^ 
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the tube are quite high and the final length of die finer is reduced. FiiiaUy» the dott must be 
piereed in eompfiance with very precue q^edficatbni. wUdi letds to a manu&cturiqg cost 
thatisiijgh. 

An object of the present invention is a novd type of expandable euiog that does not present 
the abovMunlioned dnravbada of the aft 

Acoordiiv to die invcntioi^ this otgect is achieved by a Sner fer cooBpldiiv a hole in an 
tzndcrgnMind formation^ the Bner being com tf t u ted by a ^ml^wound atrip of ^tfil eroas* 
section, iu loi^gNudinal edges having cooiplcnientaiy toudnng pcofiks such Oat afier 
expansion the Bncf la orcuiar in aection. 

To comptete a weD» the qwil tube is lowered to the bottom of the hole and ita walla are 

apread by meana ofa placement tool, e;g. a corned tool» so as to p^ 

a toitddng position wheie they form a ^Ender. A dosed contimioua liner b thua obtained 

winch can be cemented in conventiond maimer without the eemeot inva<&^ the inside of the 

liner, and thus without there bdng any need to bore inride the casing. It diodd be observed 

that the aptrd-woundcadiyrfthe invention bpaiticulaity adapted to cem e ^^ 

horaootd or raultMatenL given ita amaO diannter in ita contracted atate whkh lends itadf 

wdl to being tnataBed in narrow wdb or in wdb of ttvec^ 

treifitiond easing acgmenta. 

The finer of the invent b dao .wdl adapted to proviaonaOy oompleth^ problem rniea. In 

any event the hole may optionally be enlarged in the difficute lom and a spifil finer wfaoae 

dsasieter afier expansion b dose to the diameter of the bole before enlargonem 

put into place and cemented. Thereafter, dtBErig can coitfinue and dm entire 

the Mm that has already been competed, b subsequendy oomplered in co nvenfiond maimer. 

The ^nrd casing of the invention can abo be used for repatfii^ cadiig tha^ 

dnoe the oiitdde diameter of the spiid casing after expandon can be aelected to be e^ 

very afigfidy lesa the indde dbflietcr of the eaaing that b abeady in plao& 

The spiral-wound strip preferably has chamfered longttidinal edges that define contact 
surftccs whose geoerd direction lies m a plane which forma a non-zero angle relative to the 
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longhudinil iDd« of the finer. Alio prefenWy, the kM^^ 
to provide mechiiBcal engigeniem il 1 predetenmned fi^ 

In a mote puticulariy prefared variaot of dw invcntioii. the liner is obtuned by colEng up a 
ilrip about «a ixU lh«t i» 11 1 certain ingte reltfive u» the trii of ly^^ 
lueh draimstMiceii «*en Ae Hner b in the cootrwled itii^ 
hdx eroum! the cyfiBder. If die period of the hefa b appi^^ 
figurebobtMMdwfaoaekngftttiwtalttttdbyffyinwi., 

Tt»e Hner rfthe liivBtioo CO be wodnd lengtfiwbe OB • dnn^ 

ooOed tjWng. Id orier to eomptote tedioM that are of great bogtfw it b poniUe to wdd 
together a phiia% of iheeti. either dimng mamiftctuie Of the finer. w«A 
using the coiled tuUog tecfauquct or cbe drectljr on nte. 

The finer of the iBvenlioB am be made of metal. e.g. fteel or any other material havi^ 
defied degrees of elasticity and ptafiicity. It ahould be obsenwd thit if a WgU^ 
b selected, and piovidiag it h«s not been cemented, then the finer of the invtation can 
opttooaQy be icnoved, thus naidng tcmponiy pbccmeau possiUe. 

OAer detiib and advnntiBeottS ehswaerisdca of the invention appear fiora the fi*o^ 
deso^Nion ^vcn with Rfisicnoe to the figurei, in winch: 

. Rgure I U • dbgrammrtic view of a lim erfwIbBeiil of a to 

after expansion, shown in poapective (Figures la and lb) and in end view (FigMies IsT and 

W). 

• Figure 2 shows an expeuioo tool; 

• Plguf» 3 shows an ettmple of medianieal engsgtmeni using toothed edge* 
3d) and shows various profika fbr such toothed edgn; 

• Figiw 4 U a penpeclive viewof aliner in Ih^ coBlraetod ttateandh^ 
widi toothed tectkxu; 
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- Figure 5 shows m Gner of the mvoitioa hivi^ 

seen in penpecthre in the contacted state (Figure SaX after caqpansioD (Figure SbX and in 
longituAnal section (Figure 5c); 

• Figure 6 shows mn example of temponuyoompledonuft^ 

• Figure 7 showi a tn»cal sequence fi)r ocnqiietion of a pi^^ 

• Figue 8 ibowa a variam of a Boer of die iDveotioa that is perf^^ 
screen. 

The concept of the inventk» ii shovm in Figure L A sCiq^ eg. a metai a^ 

OPigures la and laO with overlap over an aqgfe A. After expanwHV the finer b circular in 

aectton and iu loi^glnidaial edges come into contact to constitute a closed pei^^ 

If the winding fidlows an Arcfainedeil' tiM, then writiiig £ fbr the thidaiesa of the strip and 
Dc fbr the pseudo^fiaineter of the spiral^wound strip in the contract 
the diameter after escpanston is given by the following equation: 



whm A, the overlap ai^ b expreased in raifians, and where the IcQgtf^ 
ex|Hessed in the same units. 

With an overlap of 90* u shown in F«use K t Soer ha^ an outade iGameier De of 17.8 
cm (7*^ and ntiHclcncss fi of 9J mm (1/8 of an hidi) b contrKtad to a diameter 
(5.860- For an overlap of 180*. the expansion u dose to 5096. 

By way of example^ the tool far aq»anding the incr of the invendon can be cooslibited by a 
doiAte cone assembly aa dwwn dagiammaticaOy m Figure 2» ha^ 
being fixed to the end of a coiled tube or of a string of rods, and a aecond end 11 ofcfiameier 
similar to dot of the spiral-wound finer in the contracted state, thereby toMog tfie spiral- 
wound finer to be pushed to the xone vAkAi b to be completed. The expansion tool abo 
inchides an enlarged zone \2 of outside diameter dose to the mside diameter of the finer after 
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fe 111* been estpinded. The eatarged lone 12 b 

pwt »7 itn»te conlrd means «eh u M«nl»c pr^^ 

(tf wdi neans is coRventioiial for plaoeineitt toob u used in 



In dw vviva of the imcntioa d»wB in Ftffure 3, the «oa^ 

gjw« teelh so u to foim » medanied lock. As can seen more piiti^^ 

H»tood*6dedg^ in tlibc«se in edge bwing three toel^cenpro^ 

It in^ aito be obscfved Aat Ae lonptiifflil cdgn Im a cootart arei ftdng te • teaei^ 

direetioo O ataooMeioai«|eidalivnlothe«>nB*ltollieloB^^ 
aa^ of about 4r, and iww g«ial«y Ijihg in ti» laate 3«» to 60» Is »ei^ 

Other variant toothed profiks are Aown in Figw 3e. Tbe number of teeth 

or on the contmy, decreased, and it is possible to sdeet proiles that are neater to being 
«juare so u to achieve engagenert tot is closer to bdi« of Ae tenon and morfae type. In aB 

of the exaniples shown in Bgui* 3. the toothed edges fcUow a geaeiildii^^ © st a 
certam ai«le relative to the nornal to the toiwpladinal a»b of the to^ 
|i(dbi«y such as to ndrionie ndid fiiction fimea Aat tend to oppM 
eoiBptaBa«aiy portloi* Aa show in F%m3e, the elastic 6*^ 
etpMidiBg the spiral-wouBd liner creato cadid fiieti^ 

the e^ apart TWs sepaiMioB fcice can be niaifflfaed or even efinnnated by opti^^ 
daqpe of the teeth. 

The fcree* Pa and Pb «Aleh asria b k)ckB« the liner ai» diieedy pr^^^ 
Migh, A of the Ihier ta the oortacted poshion. NiverthdBss^ too BMch ov^ 

^^li^r^iihw^MiiiatehriMice must be found between the desired codBdeit of 

1 and nechaaicalloddng. 



The liner U eapanded into the Aape of t eone of dimenskMa that depend essentia^ 

geometry of the spirdNwund liner and on Its elaitldty. and to a sniato 

angle of the ceidcal eapanskm tod. To Bn* Siedoo foicea. h may be advantageow 

an expansion tod eonitituted by a eooe whose apeit angle b dose to that of the -nannal' 

ocpandcm cone ofthe simai^wound Gner. 
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Aft ihowa more puticulariy in Figure 4» tiie ixis of the eqgi^eniciit teeth fonns an ai^e B 
witii Ae gdl of the totnl^wound tube Hai angle B htim qitigmm vahm iyh^ hgtnw^ th^ 
'"ntural" <aq[ttn»» cooe aqgle of the Ito 

Flffore 5 abowa die inoit paiticularty pK^^ 
obtained Iqf rdfing up a itiip about an axis that tt 
qrimQcfiy of ttK atri^ b the eoiitnaed posd^ 
artmod the fiiw. Alter eapanrionCnguieSbX the tm 
wioda hdicafy amnd the finer. 

A paitiaitvfy advantqeooa aipecl of ti& e]q)attsioo to 

be pedbnned without cbaogiog the X knstfa of the liner. K as atown hi Figure 5c; the 
*<Bame(eir of the finer are writteaDc and De (where index fi co^^ 
the ooatr«cted stM and mdcat £ to the finer ffl the cs^anded staleX 
h^cal cutvti fUIowed by the loi«ta^^ 

heOx IS defined as being the (fistancc measured along the longitu(fi2iaJ axis of the liner between 

two oonre^ooifiiig poinU that are one com]^ tun ^art around the cy^^ 

(or De if die case suy be)X ind if the length of a loi«iti^ 

a finer whose total lei«di is X. h can be shown diat the lei«di L U eq^ 



and that ooosequemly, if the tape is roltod up b such a manner thtt 
Xdoeaoolvtfy. 

Widi dda double hefix conQgufadoiw k dio^ 

finer te rfdiicimeas W, dien die dismeter after expanm is 9^ 
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Fmifly, ti»Uier amieqiiciice of thtt geoin^ 
m a plane pen>endkulif to the ixis rfthe 6w 

double hdk Ener aie out peipendicuiariy to the tongitudmal vda, Hm after cacpaasioii these 
cods w9l define peifiKt drdes in plane that ait tbemse^ 

axis of the Gner. Tins fi^oalkm is paiticulttlsr finronUe for casuiog aealiqg of die 
convletton at the ends of the liner. 

Fifures 6 and 7 ace Iri^ dtag^anmotk and show two cxai^^ 
wound Ener of the biveatioii. it beii« ondentood that 

way. 

In the exanq^ shown in Figured, the spkil-wound tube b used for convicting a zone in 

tempctfary manner. In a wdl in deep water, the probletn may be due to tt^ 

between the fiacturing gradiem and the pressure of the foraiadoa 

problems associated, for exan^l^ with the piescnce of foimatioos thsl are higUy unstriOe 

(day^ rock, sands, salts, etc.) in dqrtcdoo zones. « 

the person skilled b the ait The financial consequences of such 

proportion to their lci«di since anddpated completion tf^^ 

on an extra occasion, therd^ reducing the <fiameta of the hole. 

The wdlhss been driOed and ca&ng has been installed bits upper portion r 
Gontimied beneath the caw« shoe 2 to pierce a bote 3 thst ia sute 
is not cased, prior to teaching a 2one 4 of kiigth U which needs t^ 
OTigure 6a). Tlie decision is talten to proceed with temportv 

iBvcidaa. A qnial-wound finer 5 is pushed towards the bottom of the wdl by means d a 

conical eiqwiBon tool 6 fixed at Ac end of a tt^ 
move on (Figure 6b) so as to spread apart the wans of the Imcr unta 
diameter (Figure 6c). Once the finer is in place (Figure 6d) the cxpansiott tool is lenimed to 
the aurftce and the liner is cemented usii^ fina cementing tecli^^ 
shown hcr^ the finer is piovkled whh opeoii^ 8 to dlow ceni^ 
the finer towarda the annuhis 9 wMch Is to be cemented, however it is 

shoe could be used 
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After expittsolu the iosde diameter of the 
bole m sooes where there are no drilfing pn^ 

ia the aone ttait leqinits trntnent by metos of a ftanner). Drffliog can then be started $gm 
without any need to drill through a cemented zone, and the endie wdl can be completed in 
accordance whb the oijgioal drilling pbn^ and without way reduction in the <Eameter of the 
wdL 

ft h rirarthif adtfit^trml •? a f"*^^^ tiem^htkumeAh^ mirfigtiatifta withlhnBngr 

of the tRvei«ioa Abo, the Sncr is prcfifid)ly fitted wiA 

easly deformed and that is easy to drill (e.g. ahmunumX theicby piarantedi« that «he spinl- 
wound liner is properly expanded over iu entire length. 

A ^IMcal sequence ofuvqg a spind-wound finer of the invention Ibrcompleliqg a secdcm of a 
reservoir is tfiown m Ftgure 7. Such an opera tio n may be envtsiged, (br example with 
formadons that are unstable or sandy. 

The spiral^wound Bner of the invention is broi«ht in the contracted state to a non-cased 
section of the reservoir (pgm 7a) and it b then opanded by mesns of an expansion tool 
CRgures 7b and 7c). Like any other production Si», die liner of the inmn^b, in thb case;, 
pbr«ed to allow producdoo ikdds to pass theiethtough, and as diown fai Iiguiet. it U 
preferably covered in a grid Much may be fixed thereto, eg. by being wdded to fiie strip prior 
to s|»ral winding. The grid is preftrably on the outside ftce of the liner» hdag towards the 
wan. 

It should be observed that the aur&oe area of the loDedmp strip remains unsbcred danog 
expansion so weib are not weakened by the lyiral-wound Bner of the jnventiom bdng put into 
place and expanded. For the same reason, the ne and fistxftutioo of the opcmngs provided 
fiir aSowing the production ftdds to pass can be selected in a maimer that b enfirdy 
mdependent of the tfiametera m the contracted state and in the ea^anded state; This makes h 
possiUci, in particufar, to obtain a finer that b very strtntg in assodatioo wiA greats 
and IcH^ fife of the well. 
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•10^ 

For • horizoottl iwO, • HH«»-w«««««' 1^ 

CM be pl«ced vwy doic to tbe fbnm&ni, evta in the upper portioo of Ae finer, ind thM U 
often not the cue wiA » eoBwnlioittl Hnertto « ine^^ 

So tong o it hM not been cenwited, t fpinkwo^ 
ipecMl tod vAieh iepBrtei the longMiiMl «4g» » u ^ 
return to • ittte linflw to Att rfto conlncttd it«fc If wdi 
wily after iemd noiAi or ^ e» AouU be likm 
Rtriidi« its dutie pnpotiet ow weh B long poiod oftime. 



Tl» geometry of the ipuri-wouad Bn» of the inwnlion b 
pfoduetkm tt low eoit For exMBple; it u poesible to ttie inetri «^ 
thit «« weWed together) thit are piereed in • piwlefiaed p«tlenv e* 
roDert or by » hydiwlie hwii« • punch. Ibe tongi^^ 
ttMiiimioiiily M « to giw theni • toothed proffle. end grids B«v 
along one of the tonptudinrf edges beftie winding into a ipinL FtnaBy. the itiip may be 
aplial-wwaid dkettly and then coaed. ekher oontinuourfy or else ato 



In genenJ. it « pwftrable to OMt a Sner of Ae iawBdon final a ltd 
once the aeedon to be eonpfcted is long, and more leliihie rinee conneelions are on^ 
Newtheleas, it b equally poaAle to ttie inen of feed knglh and to peifofm 
zone by repeatedly ^aciiig and expanifiiig lengths of Hner. 
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•11- 
CLAIMS 

1/ A Sncf fbf oonqrictiQg t holt in in tindcigiDUDd fiifiiiitiim» the finer being consdtuted by t 
tptnl^wound unp, its loQptudtnil edges htving compkraentiiy touching profiles sudi that 
ificr cscpuuion the fincf IS Gvculir fai seocion. 

2/ A finer Moorfing to chum I. chtnctmed b thtt the longihidmal edges define n contact 

suffice of general Aectkn 1> ))iqg in a plane that fixins a non-zero ai^e fdativc to Ae 
loa^mdhial axit of the finer. 

3/ A finer ifioording to claim 2, characterized m that snd Bi^ fimed 
D ofthe contact suffice fiesm the range 3(r to 60^. 

4/ A finer aoowfing to any preceding daini, chaiacteriad in that the toucfaiqg lo^g^iucfinal 
edges have a sawtooth pfxifile. 

5/ A finer aooording to any (n^ceding claim, characterized in that the finer b obtained by 
fdfing up a sti^ about an axi s that is at a certain an^ rdative to the axis of symmetiy of the 
strip. 

^ A Ihier aooonfing to any pr e ced in g claifli» charactcniied in that it is provided with c^jienii^gs. 
7/ A finer aooorxfing to daim 6, characterized In that it is covered in a grid. 
8/ Afiner accorcfing to claim 7, characterized in that the grid is wddedoa 

9/ A method of amqrfettng a hole m an underground fimnatton in wisch a qnral-wound strip 
Is kiwered down the hok; arid the str^ is opeiied until a drcular section is obtai 
of a corneal pIt CT m f i it tool for pittii^ the k? i^ c tt^Mtimit edges Into a touching position. 

10/ A method aoooitfing to daua 4, characterized m that it also indudes a cementing 
operation. 

11/ The use of tfm method aoconfir^ to daims 9 or 10, for temporary completion of zones 
that are depleted or unoonsofidated. 
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12/ Tlte use of the mettKNl «cconfiQg to datm 9 or to, 
13/ The U3e oTlte metfaod of claim 9 for 

14/ A lyvtem for completing A hole in an undcfgnxind fonnatioo^ characterized m that it 
ioehidea a finer aoconliqg to any one of cUros 1 to B and an cscpamion tool niitaHe fix 
iplaying apart the iM^gHudiDal edges untO they take up a 
edge-iD-eilgB. 

lyAtodfixwithdrvvn^afineraocor^toaioroneofci^ 1 to 8, die tool oomprismg 
meana fi>r moving the longitudinal edgei qwt by a diameter greater don the diameter 
oon^ririi^ to a drcubtf- lecyoo and enab&qg the finer to shrink io as to re(^ 
woimd configuratkm of a dkmeter tfiat » smaD enough to ensbte the finer to be n 

ihewelL 
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